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Section I 

AMEBIASIS 

1, GENERAL. Since water may be an im- 
portant factor in the spread of amebic dysentery, 
treatment of the water to destroy or remove the 
cysts of E. histolytica is important When 
troops are separated from their normal water 
supplies and water must be sterilized in canteens 
or Lyster bags, training and discipline are neces- 
sary to insure that the required amount of chlo- 
rine is added to the water and that a sufficient 
time elapses thereafter before the water is con- 
sumed. Field water purification units must be 
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operated precisely in accordance with the direc- 
tions given herein to assure removal or destruc- 
tion of cysts. Water purification equipment 
installed at fixed and semipermanent posts, if 
designed in accordance with good sanitary engi- 
neering practice, will ordinarily, when properly 
operated, remove or destroy cysts, 

2. RESIDUAL CHLORINE TESTING. 
The orthotolidine test for residual chlorine is 
used in all chlorination procedures. The test 
is made 10 minutes after the chlorinating 
agent has been applied. Temperature of the 
water tested should be above 20° C. If the 
water is cold it may be warmed in the com- 
parator tube by holding in the hand until 
warm before adding the orthotolidine reagent. 
Following addition of the reagent the maxi- 
mum color developing in 5 minutes represents 
the residual chlorine and is matched with the 
standard disc of the comparator. If free 
chlorine alone is present the color will flash to 
a maximum in less than a minute. If chlora- 
mines are present the color will be slow in 
forming and may reach a maximum after 5 
minutes. The increase in color after 5 minutes 
will not be large, however, and should be 
disregarded. 

3. PREPARATION FOR FILTRATION. 
a. Source of supply. The best water available 
should be used. No fixed rule can be laid 
down in regard to the source of supply. 
Where ground water is available, it is gen- 
erally preferable. Wells should be protected 
from surface pollution by curbs and covers, 
and by such other means as are locally ap- 
plicable, as by diverting contaminated surface 
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waters, and by guard fences. Surface sources 
should be investigated for gross pollution 
whenever combat conditions permit in the 
field, and invariably elsewhere. Proper selec- 
tion of a source and its protection against 
contamination is an important step in pro- 
ducing a safe water. When available, a sani- 
tary engineer should be utilized for this 
work and for supervising water treatment 
procedures. 

&. Pretreatment. It is essential that all 
water suspected of containing amebic cysts, 
whether clear or turbid, be coagulated and set- 
tled before filtration. Prechlorination, with 
the chlorine being added at the same time as 
the coagulating chemical, is desirable, as it 
provides a considerable added measure of 
safety; the application of 3 to 4 p. p. m. of 
available chlorine is recommended. The co- 
agulant dosage should be sufficient to give a 
heavy, rapid settling floe ; usually from 3 to 6 
grains of coagulant per gallon of water should 
be added. Lime or soda ash may be required 
to accelerate floe formation. Three 3,000-gal- 
lon canvas tanks may be used in rotation to 
permit adequate settling before filtration. The 
water should be settled until the side of the 
tank is visible to a depth of 3 feet, which indi- 
cates a turbidity of 8 or 9. This may require 
from 30 minutes to an hour or more, depending 
on how well the water has been coagulated. 
Even with pretreatment, output of some filters 
must be restricted in order to assure removal 
of all cysts (see par. 4a and i). 

c. Results of pretreatment. (1) Experience 
in the field has demonstrated conclusively that 
the pretreatment methods described above will 
result in the production of safer water and of 
more water. Even at an operating rate of 
§Vz gallons per minute per square foot of 
filter surface (10 gallons per minute for the 
portable and 60 gallons per minute for the 
mobile filter) more water will be produced than 
with maximum rates of filter operation with- 
out pretreatment. Reports of one field army 
operating in the European Theater indicate 
that with no pretreatment and with unre- 
stricted rates of filter operation, only 51 per- 
cent of all samples taken were bacteriologically 
potable. After pretreatment and restricted 
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filter operating rates were effected, approxi- 
mately 95 percent of all samples were potable. 

(2) With pretreatment, filter runs of 3 to 7 
hours, and in some cases more, can be obtained 
before backwashing is necessary. Without pre- 
treatment, filter runs average less than 1 hour 
with most surface waters. The delays due to, 
and the water required for, such frequent back- 
washing more than neutralize the temporary 
higher rates of filtration, so that more water is 
produced with proper pretreatment. 

d. The turbidimeter of the Water Quality Set 
should be used frequently to check perform- 
ance of all f Hers, particularly when any change 
in treatment or equipment is involved. The 
turbidity of the finished water is a good index 
of the efficiency of pretreatment and filtration. 
4. TYPES OF FIELD FILTERS, a. Port- 
able water purification unit. (1) This is the 
filter unit normally used by the Corps of Engi- 
neers for supplying water to troops in the field. 
It is a pressure type sand filter having a filter » 
surface area of approximately 1.5 square feet. 
Tests have shown that even when the water is 
pretreated precisely as indicated in paragraph 
3&, to remove amebic cysts, output must be re- 
stricted to a maximum of 10 gallons per minute, 
instead of the 15 or 20 gallons per minute at 
which these units are often operated in the field. 
Unless an exceptionally good floe is produced 
and there is ample settling time, or the water 
is prechlorinated, in accordance with paragraph 
3&, output should be restricted to 7y 2 gallons 
per minute. The water should be postchlori- 
nated if the residual chlorine is less than 1 
p. p. m. in the filter effluent. It is desirable 
each ' ime after the filter is back washed to waste 
the filtrate for the first 2 minutes. This per- 
mits the floe particles in the coagulated water 
to form a layer on top of the sand which aids 
in the removal of cysts, and of other material 
as well. 

(2) Inspections of the interior of the port- 
able filters should be made from time to time to 
determine the condition and amount of the sand. 
Operation of these units without pretreatment 
of the water may result in clogging the sand with 
silt or organic matter. Excessive rates of back- 
washing are then employed in an effort to clean 
the filter, resulting in loss of sand and a decrease 
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in filtering efficiency. The depth of the sand 
should not fall below 16 inches, and the sand and 
gravel layers together should be at least 20 
inches thick. When these minimum limits are 
reached, the sand and gravel layers should be 
replaced with properly graded materials. (See 
par. 5.) 

b. Mobile water purification unit. This is a 
42-inch diameter pressure-type sand filter 
mounted, complete with pump, chlorinator, and 
other accessories, on a 2^-ton 6-wheel truck. 
The filter surface area is about 9 square feet. 
Tests have shown that even when the water is 
pretreated as indicated in paragraph 3&, output 
must be restricted to a maximum of 60 gallons 
per minute in order to insure removal of amebic 
cysts. Unless a good floe and adequate settling 
are provided, and the water is prechlorinated, 
output should be restricted to 45 gpm. After 
each backwash, the filter should be operated to 
waste for 2 minutes. From time to time, the 
filter should be opened and the condition of the 
sand bed ascertained, as indicated in a above. 
In the Mobile Unit, the minimum depth of sand 
should be 16 inches. The normal depth of sand 
is 18 inches and of gravel 9 inches. In all cases, 
the filter effluent should carry a chlorine residual 
of 1 p. p. m., postchlorination being utilized if 
necessary. 

c. Diatomaceou8 earth {diatomite) filters. 
(1) General. A diatomite filter consists essen- 
tially of a shell similar to that of a sand filter, 
with several septa or supports for the filtering 
layer of diatomaceous earth, and with necessary 
valves, piping and controls. Various types of 
septa are used, including fine wire and porous 
refractory materials. A suspension of diato- 
maceous earth is circulated through the filter 
to form a thin layer on the surface of the septa. 
This layer, which is usually y 10 to y 16 inch 
thick, representing 0.10 to 0.15 pound per 
square foot of surface, forms the filtering media. 
In addition to the original thin layer of diato- 
maceous earth, more can be added at any time 
during the filtering process. This process is 
termed "slurry feed' and is advantageous with 
some waters in decreasing the frequency of 
backwashing. Diatomite filters will remove 
amebic cysts and will produce a clear and spark- 
ling water ; they do not remove all bacteria and 
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usual chlorination prbcedures are necessary. 
Pretreatment of the water, as in paragraph 36 
is necessary and conserves diatomaceous earth 
(filter aid). No trouble has been reported due 
to breaks or cracks in septa, permitting passage 
of unfiltered water; if such breaks or cracks 
should occur they would, if small, fill with filter 
aid and, if large, would be indicated by turbidity 
resulting from filter aid passing through the 
filter. Washing of the filter is accomplished by 
simple reversal of the flow through the filter. 
From 1,250 to 3,000 gallons of properly pre- 
treated water can be filtered with 1 pound of 
filter aid, depending on operating skill and 
quality of water, and some of the used filter aid 
can be recovered if desired. 

(2) Sizes. Two sizes of diatomite filters are 
available. The 15-gpm unit is designed to serve 
small field units of troops. The 50-gpm unit is 
designed to replace the portable and mobile 
purification units described in a and b above. 
The 50-gpm diatomite filters can be combined 
into multiple groups of units for serving fixed 
installations, as hospitals and posts, requiring 
not more than 500,000 gallons per day as indi- 
cated in (3) (c) below. 

(3) Characteristics, (a) 15-gpm unit. The 
complete 15-gpm set consists of a filter and 
feeder section, 2 gasoline-engine driven pumps, 
four 500-gallon tanks, hose, supplies for the pro- 
duction of 40,000 gallons of water, and accessory 
equipment. The effective surface area of the 
filter is 3.6 square feet. The total weight of all 
of the above components is 580 pounds. The 
heaviest single piece weighs about 65 pounds. 
The set is adaptable for pack carrying by men 
or animals. 

(b) 50-gpm. The complete set consists of a 
filter unit, equipment chest, chemicals (alum, 
soda ash, and activated carbon), filter aid, 5 
pumping units, four 3,000-gallon tanks, and ac- 
cessory equipment. Total filter area is about 
10 square feet. The heaviest single unit is about 
300 pounds. Total weight, including sufficient 
chemicals to produce 1,200,000 gallons of water, 
is 5,700 pounds. Volume is 270 cubic feet. 

(c) The 50-gpm filter unit, described in (b) 
above, which produces 3,000 gallons per hour, 
is well adapted to supplying water to small fixed 
and semi-permanent installations. If 2 units 
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are used, operated in parallel, about 120,000 gal- 
lons of water can be produced daily. For larger 
installations, 4 units can be furnished, complete 
with manifold piping, and suitable large pumps. 
Tanks for pretreatment and storage can be fur- 
nished prefabricated, with the filters, or can be 
constructed locally. These multiple units will 
supply up to 240,000 gallons per day for the 
4-unit set. Under average conditions, 100,000 
gallons of water will require for pretreatment 
about 55 pounds of alum, 15 pounds of soda ash, 
and 5 pounds of hypochlorite ; and for filtering 
about 50 pounds of filter aid. The 50-gpm filter 
unit described in (6) above is available in a 
smaller set rated at 35 gpm, containing three 
3,000-gallon tanks, four pumps, lighter hose, and 
smaller quantities of chemicals and filter aid. 
The total weight, including sufficient chemicals 
to produce 300,000 gallons of water, is 3,600 
pounds. Volume is approximately 160 cubic 
feet. 

5. GRAVITY TYPE FILTERS, a. Rapid 
sand -filters. In fixed rapid sand gr vity filters, 
the sand bed should be not less than 24 inches 
thick and the sand particles should be properly 
graded (effective size 0.40 to 0.50 mm and uni- 
formity coefficient 1.6 to 2.0). A wash water 
rate of not less than 15 gpm per square foot 
should be provided. Rate controllers are nec- 
essary. Filters should be designed to provide 
for peak load flows at the normal operating 
rate of 2 gpm per square foot of filter surface; 
rate of filtration should not exceed 3 gpm. 
When properly operated, such filters will re- 
move cysts of E. histolytica. The filtrate 
should be chlorinated and performance checked 
as indicated in paragraph 3<£. 

b. Slow sand filters. In areas where con- 
struction materials are scarce, consideration 
may be given to the construction of slow sand 
filters. In these, the sand bed should be about 
30 inches in depth initially and should be re- 
newed whenever the depth falls to 20 inches. 
Sand with an effective size of 0.25 to 0.35 mm 
and a uniformity coefficient of 2.5 to 3.5 is de- 
sirable. The filter bed should be retained in a 
tight tank or basin. Rate of operation should 
be limited to 6 million gallons per acre per day. 
The filtrate should be chlorinated* 
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6. KNAPSACK FILTERS. A small knap- 
sack filter, ^-gpm, available to certain units 
of the air forces, utilizes a special paper pad as 
a filter medium. This filter is hand operated 
and has a very limited capacity. It is effective 
in the removal of cysts of E. histolytica and in 
clarification, but chlorination of the water is 
necessary before consumption, since the filter 
process does not remove all bacteria. Weight 
is 7y 2 pounds complete with knapsack and pad. 

7. CANTEEN STERILIZATION. Halazone 
tablets (tablets, water purification, individual) 
contain 2.2 milligrams of available chlorine, 
only one-half of which is measurable by the 
orthotolidine test. Existing directives require 
the addition of 2 tablets to each canteen with 
clear wat^r, and 4 tablets when the water is 
turbid or contains organic matter. It is im- 
portant that there be 30 minutes contact be- 
tween the chlorine and the water before the 
water is consumed. The addition of 2 tablets 
per canteen provides an initial concentration 
of 4.4 parts per million of chlorine, and of 4 
tablets 8.8 p. p. m. Tests indicate that Hala- 
zone tablets when used as directed above will 
kill cysts under normal field conditions. Ef- 
fective results can not be expected with water 
heavily contaminated with organic matter; 
boiling (par. 10) should then be used. 

8. LYSTER BAG STERILIZATION. When 
using Lyster bags and calcium hypochlorite, 
grade A, the water should be treated in the bag 
by standard methods to provide 1 p. p. m. chlo- 
rine residual after 10 minutes contact. One 
additional ampule of grade A calcium hypo- 
chlorite must then be added and the water 
allowed to stand for 30 minutes more. One 
ampule of grade A calcium hypochlorite in a 
Lyster bag gives a chlorine dosage of 2.3 p. p. m. 
In moderately clear water with a pH of 7.0 or 
less, a concentration of 2 p. p. m. of chlorine re- 
maining after 30 minutes contact will destroy 
amebic cysts. A chlorinous taste may result 
from the recommended treatment. Storage or 
standing for 2 or 3 hours will usually reduce or 
eliminate the chlorinous taste. 

9. OTHER WATER CONTAINERS. Water 
may be chlorinated in other containers, such as 
water carts or drums, using calcium hypo- 
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chlorite, grade A, in either the ampule form or 
from cans. The same general procedures should 
be followed as given for Lyster bags above. A 
drum ordinarily holds 55 gallons, or about V/ 2 
times as much as a Lyster bag; therefore, two 
ampules of hypochlorite should be added after 
obtaining the residual of 1 p. p. m. It is difficult 
to chlorinate water in 5 -gal Ion cans satisfactor- 
ily, and it is preferable to use these for handling 
water previously treated in drums or tanks or 
at engineer water points. Capacities of water 
carts or tanks must be computed in order to 
ascertain the required dosage of hypochlorite. 
Enough chlorine should be added to produce a 
residual of at least 2 p. p. m. remaining after 
a contact period of 30 minutes. 

10. BOILING. Boiling is effective in destroy- 
ing the cysts, and should be employed where the 
water is too turbid or contains too much or- 
ganic matter for chlorine to be effective. The 
water should boil at least 1 minute. Qhlorina- 
tion before boiling is useless, but the water 
should be chlorinated after it has cooled, fol- 
lowing boiling. After boiling and cooling, 
enough hypochlorite should be added to pro- 
duce a residual, after 10 minutes, of 1 p. p. m. 
This residual is necessary to protect against re- 
contamination. In addition, special cane 
should be taken in handling the boiled and 
chlorinated water to prevent it from again be- 
ing infected with cysts. When water has been 
filtered in accordance with the procedures in 
paragraphs 8, 4, 5, and 6, boiling is unnecessary. 

Section II 

SCHISTOSOMIASIS 

11. GENERAL. The areas in which schisto- 
somiasis is a hazard include the Philippines, 
China, Japan, Formosa, North and West Af- 
rica, the West Indies, and South America, in 
all of which amebiasis is also present. Schisto- 
somiasis can be contracted by direct contact 
with infested water, as by swimming, bathing, 
wading, or working in the water, and by drink- 
ing contaminated water. Therefore, water 
used for drinking, bathing, or laundry purposes 
must be treated. Personnel operating water 
supply or purification equipment should wear 
rubber boots when wading in water, and should 
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use rubber gloves or other approved methods of 
protection when they are required to place 
their hands in untreated water. 

12. TREATMENT OF DRINKING WA- 
TER. . The methods of water treatment used 
to remove or destroy the cysts of E. histolytica 
are effective against the cercariae of S. mansoni, 
and present information indicates that the same 
methods are also effective for S. japonicum and 
S. haematobium* Since schistosomiasis exists 
only in areas where amebiasis is a hazard, the 
methods of water purification recommended 
for the prevention of amebiasis should be fol- 
lowed to insure protection against both diseases. 
Careful chlorination of the water to insure a 
residual of 1 p. p. m. of chlorine after 30 min- 
utes contact is essential with all sand filters, 
since these cannot be relied on to remove the 
cercariae. 

13. TREATMENT OF BATHING AND 
LAUNDRY WATER, a. Filtration. Water 
for bathing, including showers, and laundry 
purposes, may be pretreated, filtered, and chlori- 
nated as indicated in the preceding paragraphs 
for drinking water. 

6. Chlorination. A residual chlorine of 1 
p. p. m. remaining after 30 minutes contact de- 
stroys the cercariae. Therefore, water to be 
used for bathing may be effectively treated by 
chlorination to produce this residual after stor- 
age in a tank for 30 minutes. 

c. Heating. Since a temperature of about 
125° F. is required to destroy cercariae, heating 
as provided by the usual bathing unit is ineffec- 
tive, and one of the methods described above 
must be employed. 

d. Because of the small size of the snails, it 
is usually not practicable to remove them by 
using a screen placed at the raw water intake. 

Section III 

MEDICAL DEPARTMENT 
SUPERVISION 

14. RESPONSIBILITY, a. General. The 
Medical Department is responsible for those 
factors in water supply that may affect health, 
suoh as advising and recommending on the sani- 
tary suitability of water sources and water puri- 
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fication equipment; making periodic and special 
sanitary surveys of water supply systems and 
recommending corrective measures; supervis- 
ing purification procedures; and instituting 
adequate sampling and testing programs to de- 
termine the safety and potability of the water. 
In this work, Sanitary Corps engineers (MOS 
7960) should be utilized to the maximum extent. 

6. Sampling and testing. The Medical De- 
partment is responsible for making frequent 
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routine tests to determine the chlorine residual, 
and such bacteriological tests as are deemed 
necessary by the surgeon. Facilities for bac- 
teriological tests and the institution of an ade- 
quate system of sampling and testing is the 
responsibility of the surgeon. Operational 
tests, including those for chlorine residual (at 
water points), pH, alkalinity, turbidity, taste 
and odor, are made by Corps of Engineers 
personnel. 
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